Introduction
[2] The deep-sea is generally considered a dark and motionless environment, with little life excitement. Although absolute numbers of marine biology species and their abundance are indeed gradually declining with depth [Vinogradov, 1961; Priede et al., 2008] , the sparsely filled environment is not a void. In comparison with the deep ocean, e.g., in parts of the North-Atlantic, faunal groups are less abundant by a factor of about 10 in the deep Mediterranean at comparable depths [Priede et al., 2008] . The same authors demonstrate that in the Mediterranean itself a factor of 10 variability in abundance is found at any given depth between different basins, with the lower values found in the eastern basin around Greece.
[3] From a physics point of view, the dynamics of water motions seem to become weaker the further one gets from surface forcing by winds and waves and as the static stability in terms of vertical density gradient ('stratification') diminishes. This stability, common in the ocean with warm water above cold and fresh water less dense than salty, supports small-to meso-scale motions in the interior in the form of internal waves. As with the biology, little of the details is known about the physics of the deep-sea. Some aspects of deep-ocean flow structures have been revealed in the past [Armi and D'Asaro, 1980; Thorpe, 1987] . As will be demonstrated using high-resolution modern electronics instrumentation, foremost temperature (T) sensors and some additional current meters, dynamics do not come to a halt below, say, 3000 m. In fact, the motion in the deep-sea is observed to be as dynamic as that near the sea-surface, with permanently varying internal wave motions and turbulent instabilities.
[4] In the deep Mediterranean motions are dominated in two frequency (s) bands: inertial (s ≈ f) and mesoscale subinertial (s ( f), whilst tides are weaker. The inertial frequency f = 2Wsin8 is the vertical Coriolis parameter of the Earth rotational vector W at latitude 8; in the Ionian Sea, where the present observations are made, the local inertial period is 20.06 hours.
[5] Geostrophic adjustment leads to the generation of inertial motions, either locally as transients associated with collapse of horizontal density gradients ('fronts') thereby generating baroclinic instabilities [Rhines, 1988; Tandon and Garrett, 1994; Boccaletti et al., 2007] , or from downward propagating free internal waves by passages of atmospheric disturbances [Gill, 1982] . Under well-stratified conditions, horizontal inertial motions are circular with virtually no vertical excursions of density interfaces (h ≈ 0). Their vertical length scales are small O(10 m) so that they dominate vertical shear across the stratification. Under weakly stratified conditions, when buoyancy frequency N = O(f), they describe circles that are tilted with respect to the axis of Earth rotation and whose projection on the horizontal plane describe ellipses [van Haren and Millot, 2004] so that vertical motions (w) no longer vanish at f but can be of the same order of magnitude as horizontal ones [van Haren and Millot, 2005] .
[6] Here we present detailed vertical excursions at f and other internal wave frequencies, which can attain 100's of meters in the weakly stratified deep Eastern Mediterranean. These excursions are not a one-time observation, but rather omnipresent in a yearlong record. (of which two are at 3975, 4275 m) and 103 independent NIOZ4 T-sensors between 3977 and 4079 m at 1.0 m intervals. The current meters sample every 900 s, the synchronized T-sensors every 1 s. The standard deviation of individual current estimates is 0.01 m s −1 for [u, v] and 0.015 m s −1 for w, which reduces by a factor of about 9 for inertial period motions. The 1-m interval mounting of T-sensors proved adequate and was little disturbed by non-physical conditions such as mooring motions. Pressure (p) variations (<0.1 dBar; Dz $<0.1 m) due to mooring drag were equivalent to the p-sensors' noise level, over the entire yearlong period. Maximum horizontal current speeds were 0.08 m s −1 at the level of the T-sensors. These motions were dominated at subinertial and inertial frequencies ( Figure 1b) .
Materials and Methods
[8] NIOZ4 T-sensors are an update of NIOZ3 [van Haren et al., 2009] . They have similar specifications: noise, and in this set-up digitization, levels of 6 Â 10 −5°C (60 mK), precision <1 Â 10 −3°C
, potential endurance 1.5 years when running at 1 Hz. As the deep Mediterranean is known for its very small temperature variations, the present exercise was the most challenging for NIOZ T-sensors so far. Extensive calibration and data inspection revealed a slow drift ($1 mK/mo) of the new, un-aged sensors. It was corrected during post-processing. Some problems with energy consumption and data file closure resulted in 19 sensors delivering inadequate data; these have been interpolated between neighboring sensors.
[9] The large number of T-sensors is potentially sufficient to compute vertical excursions (h) of temperature (density) interfaces. Contributions to density variations dr = −adQ + bdS, a and b heat and salt expansion coefficients, respectively, of absolute salinity (S) and conservative temperature (Q; replacing, although dynamically equivalent to, potential temperature) [McDougall et al., 2009 ] (see also TEOS, http://www.teos-10.org/) can vary independently. Here, their relationship is reasonably tight, they virtually compensate each other despite large (z, t)-variations (Figure 2 ) so that the density ratio R = jadQ/bdSj = 0.8 AE 0.4 and conservative temperature can roughly act as tracer for density variations although inversions are commonly seen in smoothed density profiles ( Figure 2a ) and Q (Figure 2c ). However, as the vertical density stratification is extremely weak resulting in buoyancy frequency 0 < N < 4f, with a mean N ≈ f, based on CTD-profiles (Figure 2a ), isotherm displacements representing h easily exceed the 102-m T-range. Current meter data above and below the T-sensors are used to independently compute a T-range-mean h(t) from the linear (wave) relationship,
assuming, due to lack of observational evidence, advection is small for large-scale internal waves. As will be demonstrated below, this assumption is reasonable following comparison of the estimates (1) using current meter data with isotherm displacements observed using the thermistor string array. The w-data and thus h are smoothed to twice per hour using a running mean, in contrast with the 1-Hz T-sensor sampling.
Observations
[10] Over a vertical range of 500 m containing that of the T-sensors, 14 hour shipborne CTD-yoyo shows T, S variations that exceed CTD-sensors' noise ( Figure 2 ). Directly observed T increases with depth which is mainly attributable to pressure effects, as it slopes like the local adiabatic lapse rate G = 1.86876 Â 10 −4°C m −1 (green line in Figure 2d ). G is removed from moored T-data during post-processing, DT = T − T 0 − G(z − z 0 ), T 0 (z 0 ) temperature at z 0 = 4026 m, being a rough Q-estimate, to obtain images relevant for dynamics.
[11] Resulting corrected relative DT-image has a typical range of AE0.001°C (1 mK), within which all meso-, inertialand small-scale variability occurs, to within the 1-m observational resolution (Figure 3 vertically coherent, but more often demonstrating small vertical phase shifts. This suggests wave propagation. As the dominant horizontal currents are inertial motions (20.06 h), frontal passages are easily excluded.
[12] Wave propagation is further evidenced as the depthtime DT-image (Figure 3a ) also shows quasi-coherent structures at frequencies smaller than inertial, with periods of a few hours (e.g., day 73). These are also seen in vertical currents above and below the thermistors (Figure 3b , but jw f j = 0.5 − 1 Â 10 −2 m s −1 , which is not small considering the observed horizontal inertial particle speeds of 1 − 3 Â 10 −2 m s −1 (Figure 3c ). Inertial wave propagation may also be inferred from the latter observations, considering the phase differences between u (or v) at depths 300 m apart. High-frequency motions are less dominant in [u, v] than in w, as is common for wave motions near N $ 3 − 4f (estimate for this example). Integration following (1) low-pass filters w, resulting in slow inertial and sub-inertial h = 100-200 m typically (Figure 3d ). Although measured at single depths, they reasonably represent large-scale [inertial] internal wave excursions, following the significantly coherent records 300 m apart. Observed downward phase differences are found also at sub-inertial frequencies, like in the detailed T-sensor data. Observations showing opposite motions or excursions (p-phase difference) are commonly accompanied by static instabilities, e.g., days 71.0, 73.2, 74.0, 74.5. Isopycnal excursions including layers of varying temperature suggest small-scale density compensation following lateral or slanted instabilities, e.g., days 69.5, 70.0, 70.5, 75.0, which can attain the form of vigorous near-vertical convective overturning.
[13] In a particular, arbitrary, 36 hours zoom (Figure 4 ), further details are seen within the large-scale inertial waves, all (just) within technical limits of the instrumentation. In this extremely weak DT-variation (totaling 8 Â 10 −4°C only), the aspect ratio equals 1, horizontal near-inertial motions describe an elliptic path, jw f j ≤≤ 2.5 Â 10 −2 m s −1 and large h = 250 m (peak-trough). This h is nearly twice the largest non-linear internal wave excursion observed so far in the ocean [Liu et al., 2006] .
[14] Such w-and DT-variations are also observed at smaller scales, which remain similarly coherent over depthtime. Occasionally however, internal waves start overturning and apparent static convective (T-only) instabilities, still coherent over appreciable scales, dominate (e.g., day 85). Most evidence of turbulent convection is observed in the form of presumably slanted layers of alternating relatively cold/fresh and warm/salty water that partially compensate each other in density variations (R ≈ 1): (remnants of) convective plumes [Sheremet, 2004; van Haren and Millot, 2009] . These are ubiquitous in the images, e.g., days 84.9, 85.2, 85.5-86.0, implying a rapid turbulence process, of which we have resolved scales between 2 and 102 m in the vertical. This apparent vigorous overturning in the DTimage (Figure 4 ) and the regular overturns observed in density variations by CTD (Figure 2a) suggest that not all of convection is compensated, even though some of it may be (compare Figures 2b and 2c) . Crudely quantifying this as mixing using overturning scales [Thorpe, 1987] , based on DT-observations alone, results in a 1.5 days (Figure 4 ) depth-mean eddy diffusivity K z = 10 −2 m 2 s −1 and turbulence dissipation rate ɛ = 2 Â 10 −10 W kg
, against N = 4.5 Â 10 −5 s −1 = 0.53f computed from reordered local DT for this 1.5 day period. As near-inertial motions are the dominant internal waves, the vertically slanting convection layers are observed with same periodicity. It remains to be established whether the inertial motions actually drive this convection. Topography may not be important, as similar observations 
Discussion
[15] Like in the Western Mediterranean, this deep Ionian Sea is characterized by extremely weak stratification which is in permanent motion. The dominant motion is around the inertial frequency, mainly as freely propagating internal waves. Large vertical scales of such waves are observed. Their non-negligible vertical current component is understood, as the smaller N allows these inertio-gravity waves (IGW) to become increasingly affected by the horizontal Coriolis parameter (see Gerkema et al. [2008] for a review).
[16] The result is, first, up-and down pumping of stratification layers and material over O(100) m (w ≈ 0.01 m s −1 ), every day. Second, the associated shear of the waves, which have aspect ratios of 0.1-1, will tilt, as conjectured for nearsurface waters by [Hosegood et al., 2008] , any horizontal gradients especially those created by (vertical or planetaryslanted) convection tubes [Straneo et al., 2002] to the point of marginal stability so that the gradient Richardson number (stable stratification over destabilizing shear) is smaller than one [ van Haren, 2008] . Such planetary-slanted convection is in the direction of the earth rotation, but appears stably stratified in the direction of gravity, except at the north-pole. Third, the waves transfer energy to turbulent convection thereby generating mixing. This mixing is in already nearlyhomogeneous waters, but following the observations lateral (stability) supply of varying Q-S water mass characteristics seems to provide sufficient fresh input for restratification. The quasi-compensating deep Q and S are similar to those observed in vigorously mixed near-surface waters [Rudnick and Ferrari, 1999; Sheremet, 2004] . Once compensated they are long-lived [Rudnick and Ferrari, 1999] . However, not all is compensated and the observed overturns also resemble near-surface mixed-layer instabilities [Boccaletti et al., 2007] . The precise mechanism behind instabilities in the present observations needs further investigation, but coupling with internal inertial shear along lines of rotational stability [Greenspan, 1980] and localized breaking inertial waves [Saint-Guily, 1972] seem not fortuitous.
[17] The deep Mediterranean trench waters are found never quiescent or void in motions and turbulent mixing, with consequences for life abundance in such waters. It is not expected that the observed IW-turbulence are a hazard for a future neutrino telescope, when the above vertical motions are accounted for.
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